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F1G. 4169.—Curve showing the Flow and Composition of the Gastric
Secretion in a Dog Fed upon a Mixed Diet. (Khigine.)

secretion, they remain undigested. If, h()_W(wer, these
foods are digested fora time they then acquire the power
of stimulating a flow of gastric juice. Under the normal
conditions of eating, such foods would first start a psy-
chical secretion, and after they had begun to be digested
by this secretion the flow would be maintained by the
chemical stimuli developed from them in the process of
digestion. These chemical stimuli upon which the flow
of gastric juice depends mainly, which are present al-
ready formed in some foods and are developed in others
by digestion, Pawlow groups under the general designa-
tion of secretogogues. He has not been able so far to
ascertain Jtheir chemical nature. The dietetic value of
meat extracts seems to lie largely in the fact that they
contain much of these secretogogues and thereby favor
the digestion of other foods.

secretion, so far as its guantity is (:011-(}.].’:‘:-‘“'-- l't’f*(‘llllﬂ;‘s
that of the panecreatic juice. The flow ""amf! 1‘-"{”-”“ v
after the act of eating, increases somew Lat _1l¢11‘n(l y m‘a
maximum, which in dogs fed ona _]111‘\5{;(1 (11}.]'1-_15 ](3.'(‘1(."]1{"(1 (‘1t
about the second hour, and ’tl‘w.n falls sl‘('n_\:\ y tow ‘nd. “ero
as the stomach is emptied. l. he composition of Lllu.:‘ seere-
tion during this period varies &:o_nur\».'llul, the h_]Tt. .ﬂmv
being relatively wealk in the two 13[111l)1‘ﬁ-illlt .(Ff)11_511[l.(’11'lT5
hydrochloric acid and pepsin. The 11%115‘,11:111(:11 H ;g
4169) gives an example of the way in uhl'ch 1]11.;".Hj(‘IC:
tion varies in a dog fed upon a 1111.\0(1.(‘11(‘1‘ I:lf\h_m
states that in a general way the guantity (_)f secretion
varies with the amount of food, a relation which is :e:?m].y
understood when we remember that Llle‘ food itself sup-
plies the stimulus for the secretion. ‘l .h“ same \\'f)l'kgr
has given some proof that ih_c .cc:mplosmm_l of th(: secre-
tion is related to the composition of the food, and lha}t
it may Dbe possible, when the relation has bem} more
completely investigated, so to modify the food Ha-T(l in-
crease oneé or the other of its important const.l‘guuma, 8
Histologieal Changes during Secretion. —The gastiic
glands in the cardiac end of the stomach contain Lo
types of cells, the chief cells, and the cover or l:.qulm
cells. The latter vary in number in different regions,
but in most cases form a discontinuous layer along the
length of the tubes, and in the ]_1_\_'101‘10_1'(3;;1011 1'.11_(3_\' are
lacking entirely. Histological and experimental evidence
indicates that the chief cells are 1'(:3p0nsﬂ_n§u for the secre-
tion of the enzymes of the juice. During the resting
stage these cells are filled with zymogen gl‘anu}gs l;.lllltlh
disappear to a greater or less extent d1_n-mg active diges-
tion. Inaccordance with this histological fact}t%.s}ound
that aqueous extracts of the mucous membrane in .l-he
resting stage may contain but little active pepsin or ren-
nin, but that if this extract or the mucous membrane be-
fore extraction is treated with certain reagents such as
dilute acids, an abundant yicld of enzyme is obtained.
Tn normal secretion the presence of the hydrochloric acid
ig sufficient in itself to convert the zymogen to enzyme,
5o that in the normal gastric juice no zymogen or pro-
ferment is found. With regard to the enzymes, rhe_w-
fore, we may assume that, as in the other dlgc_:sin;e
glands, they are formed within the cells asa 1-0.5;1_1]'1 of their
metabolism, that they are stored during rest as Zymogen
granules, and that, during or immediately subsequent L‘O
their secretion, the zymogen is changed to the active
enzyme, With regard to the secretion of the acid preva-
lent theories are much less satisfactory. ;
Origin of the Hydrochlorie A cul.—lt is not known dcl}-
nitely which of the two cells found in the gastric tubulc,'s
gives rise to the hydrochloricacid. The fact that the py-
ioric glands do not contain border cells and that their
secretion is alkaline instead of acid suggests the view that
these border cells are concerned in the formation of the
acid, hence they are sometimes designated as oxyntic
cells. No direct proof, however, has hee’n furnished to
show that these cells have anything to do with the produe-
tion of the hydroehloric acid. On the chemical side also
the mode of origin of theacid isstill obscure. In general,
it is believed that the hydrochloric acid must arise ulti-
mately from the chlorides, especially the sodium chloride
of the blood, and, according to one hypothesis, the acid is
formed by a reaction between the chlorides and T'h(z P]])(,S,
phates of the blood according to the formula NaH.lI Oi
—+ NaCl = Na.HPO, + HCI, the reaction being (;Il‘u(_‘tc{
in some way through the activity of the gland cells.
Another hypothesis is that the chlorides are Llet:n;npﬂfﬁd
by the mass action of the CO, formed in the metabolism
of the gland tissue, and that the reaction is facilitated
and the liberated base combined by an acid nucleo-
proteid known to exist in the gastric mucous nu*ml‘:mnc.‘
Neither hypothesis helps us much to umlcrsl.z_‘m(l wh_}'. the
hydrochlorie acid is formed only in this particular tissue
and not elsewhere in the body. Acid indicators, such
as acid fuchsin or a solution of ferric acetate and potas-
sium ferrocyanide, show that the free acid is present only

Curve of Secretion and its Variation withthe Character
of the Food.—In its general features the curve of gastric
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on the surface of the membrane and not wi_rhin thp sub-
| stance of either the border cells or the chief cells. In

and can have no effect upon the food until it is “sacti-
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view of this result it has been supposed that the acid is
vot actually formed within the cells, but in the secretion
after its discharge; or if formed within the cells, it is
climinated as rapidly as it is formed, so that there is no
accumulation within the cell itself as in the case of the
zymogen. In accordance with this hypothesis it has
been suggested that the hydrochloric ‘acid is actually
formed outside the mucous membrane from the chlorides
of the stomach contents. This view assumes that the
mucous membrane is impermeable to the chlorine ions,
but permeable to the hydrogen ions, and that the latter
passing through the mucous membrane from the blood,
combine with the chlorine of the dissociated chlorides of
the stomach contents. The hypothesis can scarcely hbe
considered a probable one, since an abundant secretion
of acid juice may be obtained by stimulation of the
vagus nerve or in the isolated fundic sac when the stom-
ach is entirely empty. Nor does the hypothesis help us
to understand at all the part taken by the secretory cells.
‘We must, in faet, confine ourselves at present to the gen-
eral statement that the chlorine of the hydrochloric acid
is derived ultimately from the chlorides of the blood,
SECRETION OF THE SMALL INTESTINES—THE Svccus
Exrericus.—Although there is no question that the cells
of the small intestine form enzymes which take an ac-
tive part in the digestion of the food, there is some doubt
whether these substances are actually discharged in a
liquid secretion upon the inner surface of the intestine.
Some mucus is formed and secreted by the epithelial cells,
particularly those of the large intestine, but this mucus
is not known to have any digestive action of 8 chemical
nature. To ascertain whether a liquid secretion other
than the mucus is formed in the small intestine, recourse
has been had usually to experiments with a Thiry-Vella
fistula. In this operation a loop of the intestines is iso-
lated and the two ends are sutured into the skin of the
abdominal wall, giving thus a portion of the intestine
whose contents can be examined without possibility of
contamination from the food or from the secretions of
the pancreas or liver. Experiments of this kind agree in
showing that an alkaline liquid forms in the loops, and
indeed more abundantly in loops from the lower than
in those from the upper portions of the small intestines.
From experiments of this kind Pregl estimates that as
much as three litres may be secreted in twenty-four
hours from the entire intestine. The estimate must be
received, however, with caution. Most observers agree
that this liquid has no digestive action on proteids, but
may contain an amylolytic enzyme. Extracts of the
walls of the small intestine, on the contrary, give solu-
tions that contain four or possibly five important en-
zymes. There are, first, the essential group of sugar-
splitting enzymes capable of converting the disaccharides
to the monosaccharides, namely, maltase which converts
maltose to dextrose, invertase which converts cane sugar
to dextrose and levulose, and possibly lactase which con-
verts lactose to dextrose and galactose. In addition it
has been shown recently by Cohnheim that these ex-
tracts contain a powerful proteid-splitting enzyme, erep-
sin, which splits the peptones and proteoses into simpler
crystallizable substances—leucin, tyrosin, arginin, ete.
Whether or not these enzymes are actually discharged
into the infestines as a liquid secretion, they must be
regarded as formed within the substance of fhe intesti-
nal epithelial cells by a metabolism peculiar to these
cells and analogous to the process of secretion in other
glands. 'We must place the intestinal epithelium among
the important digestive glands. Quite recently also the
intestinal secretion from the upper part of the small in-
testine at least has been found to contain an enzyme-like
substance, enterokinase, which, while it has no digestive
action of its own, seems to be able to increase greatly
the activity of the enzymes of the pancreatic juice.
This effect is particularly marked in regard to the impor-
tant proteolytic enzyme trypsin. Apparently this latter
enzyme is secreted entirely in the form of ‘a zymogen

dition to our knowledge of intestinal digestion to Schepo-
walnikow, working under Pawlow’s directions., This
work has since been confirmed by several observers, and
it is claimed by Delezenne that the enterokinase can he
obtained also from leucocytes and lymph glands, and in
the small intestine is found most abundantly in the mu-
cous membrane overlying the Peyer’s patches.

SECRETION OF BILE.—As in the case of the other
glands many efforts have been made to demonstrate the
existence of secretory fibres to the liver controlling the
flow of bile. The secretion of bile is continuous, the
metabolic processes in the liver cells leading to its forma-
tion and discharge are in progress at all times, although
the velocity of the flow varies. Experimentally the
velocity of the secretion may be increased or decreased,
but the variations are so strictly parallel to the concomi-
tant changes in the circulation that a causal connection
between the two is rendered most probable. Stimula-
tion of the spinal cord or the splanchnic nerves dimin-
ishes the flow of bile in proportion as it causes a diminu-
tion in the blood supply. Section of the splanchnics, on
the other hand, which causes a dilatation in the blood-
vessels of the abdominal viscera, is said to increase the
secretion of bile. The usual view, therefore, is that the
velocity of secretion of the bile varies with the volume of
the blood flow through the liver. This belief seems to
imply that the secretory activity of the liver cells as re-
gards the bile is controlled by the composition of the
blood. With regard to the exeretory products of the bile,
the bile pigments, lecithin, and cholesterin, one can un-
derstand that the greater the quantity of blood flow
through the organ the greater will be the excretion. Itis
more difficult to comprehend the relationship between the
blood flow and the increased secretion of water, salts, and
bile acids, and no satisfactory hypothesis has been su g-
gested to explain the relationship,

Cuirve of the Secretion of Bile.—Qwing to the ease with
which a biliary fistula may be established in man as well

vated ” by the enterokinase. We owe this important ad-
Vor. VIL—T7

as in the lower animals, our knowledge of the daily curve
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FiG. 4170.—Curves showing the Rapidity of Secretion of Bile into the
Duodenum on (1) a diet of milk, upper curve; (2) a diet of meat,
middle curve; (3) a diet of bread, lower curve. The divisions on
the abscissa represent intervals of thirty minutes: the figures on the
ordinates the volume of the secretion in cubic centimetres. (Bruno.)

of the secretion is fairly accurate. In man the quantity
secreted varies between 500 and 800 c.c. in the course of
a day, or taking into account the weight of the individ-
ual the secretion averages from 8 to 16 c.c. per day for
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each kilogram of body weight. Although thgfgic];gt}:ig
is continuous, it shows a marked a_cceleramon‘ L e
eriod of digestion between the third u.r}d tll(], S
I:J,J‘Eter the ingestion of food, that 1s, during the pthe s
maximal activity in the small intestine. Up.(‘ln : iﬁgthe
erui theory of secretion stated above, Ifl.ns m.(.gt elzgi)ed ﬂowl
secretion should be related tiu th(-la t%ggltlizlrezi s
iver i g an 8
through the liver at this period, e e
i f the blcod following absorption ob St
gfﬁﬁtcé Absorption, which is af its m%ml(l;fgo?i:]; il:]tﬁ
is time, 2 reatly increased mets S
this time, must lead to a grea e
> liver cells, and the augmented secre <
chp}'i;‘a’-;sion of thisincreased activity. .Althtfm 15111 ﬂilg i&)actiirb
tion is continuous, the actual injection of bi ‘? ot
duodenum through the common bile duct&slm e fithent
in those animals which _possesslal gfﬂllebéiu( E{;xddcr -
.retion in such animals is stored In g8 Iadder, and
%l?trlr?c};rllrsl zf a definite nervous mechanism this reservoir
isjempl,ied at intervals during the course of d‘lgeSt_iOll.. o
Ejection. of Bile into the I)u_aden-v,c.m‘f'l"hc.meg mmsOt
by which the bile is emptied Jlnlt;o the 1{11:%5:;1&1’;)35 1;0
1 1 " O " () 2 Ve . B -
sem to have been investigated by recen ' | X
i{;{ﬂlm g to Bruno, the eje?:tmn thmug};3 thlf (;10121;1;3; tiﬂle
i ' assage of chyme 3
duct is dependent upon the passag : es
i i i y rith the character
stomach into the intestine, and varies W icte
;i‘othe food. Aslong as the stomach is emp!;y no 1;1121115
found in the duodenum. The chyme E%iresfegs% ;;}russur{;;ace:
in substances which, acting upon e .
r%]?he duodenum, lead to a reflex contraction of‘tlhe gal!
pladder. Bruno thinks that the ldigested proteids (prlq
teoses and peptones) and fats furnish the efficient stimuli.
Acids, alkalies, and starches were fqund to be mcﬁect}\ eé
There seem to be no data regarding the frequency 10,
occurrence of these contractions dulrm o dlg%;tmn c;r‘ ; 111?:
i sti i T he chyme. le nervous
action of stimuli other than & 3 oI ’
mechanism involved in this reflex has been studied by
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due to this action on the red crl)rpuscllciv.: hutl Pilig:lrae%i(ég
is so much greater than that of 01:.11(?1 merrlml ﬁsc stinﬁllat.
that wo must belleve tuat BlLy ¢ fany other substances
i ffect upon the liver . N : T Bupst
i o conlon s s b the o, 1
irect cholagogue of 11 £ 3 discovere
;Jl'(c)]li:'ltl?;nct.he {;ilg salts 1:hernscl\'es. I?Qilla%bfﬁnf%‘ftg;
tion will be found to this last ST{lt-GIHL'Ll. !\\;_L‘l T
investisations are made upon the physiological ac
nf the %evretin formed in the duodenum and jejunum.
?\ttentioh‘ig called to this substance under L}:;p }1({?(-1tqi
ancreatic secretion, and there is some 111(1‘10.:4 ion that i
e lav a part as a normal chemical stimulus in the
Eziﬂ‘gtily of %ile. At th% present writing no more pre-
rise statement can be made. & 5
Usgrsggtrﬁfwt\: OF THE }::IDNF:Y.—BOIIS GF tl]w se\rt:]mfa?o?stﬁé
the body has been smtheld with more car et 15‘131 1'. ,Em? e
kidney. The especial interest which th:]s,l sec L i we}l 5
sesses Tor pharmacology %Bdlmteniilllll:uf?oi'cgllﬁe &;tteutiuﬁ
rsiology accounts In large par it
fi? rh];;l}rc:gci\ggl. In adqition it has seemid tc)) (t]ﬁlmuté:f
best opportunity for testing one of the funE aln}uha‘ ()lh 5
tions of secretion, namely, the extent to W hie L the 111%&_
ical processes of filtration, diffusion, and OSI'{!OSIS Rgn. oy
ate in the act of secretion. ._\'[mst of the d 15‘.0.1.15;,}1l 5
this point hagbeen along the lines of the tw olmmlq ! S;)s 18
of urinary secretion which have been 11né-:11" (tls,h o
now for many years. One theory, propose: m: :su c,?\: s
tially by Bowman and afterward supported \{100! Q:Lr'qnd
a modified form by Heid_euhalu, holds tl:att the w 'lxle’l'(.lm
salts of the urine are actively secreted b? the eprl] ..ic, 1;11(3
of the capsule surrounding the 51(1111e11_1l}1s,‘“t ”eé thg
urea and the other specific organic cou'btm.u,nvgﬂo 5
urine are secreted together with some water ‘1'33.-1 f 19 ._01).0
thelium of the convoluted ‘tuhuies._ T'he other © I'Q‘T} \tg
owe to Ludwig. According to him all the constituents

on ¢ - 0ddi. It appears from their work that
E}? gﬁeiggtbfghres for the Irgﬂex run in the vagl, snfcg
stimulation of the central end of & cul; vagus cayg{sics 2
reflex contraction of the gall bladder together with n
inhibition of the sphincter supposcd to exist at the olr)lglu-‘
ing of the common bile duct into the d‘uc)denum.l Che
efﬁzrent path, on the contrary, 1s through the splm}c n}ncg.
Stimulation of the peripheral end of a cut _spla.nc‘lmc
causes a contraction of the gall blju]der anfl bile dl}CLSr. 0
Modification of the Bile tn the Gall Bladder. —It fls we :
known that the so-called mucin of the Dbile is not mr.ner
in the liver cells but from the epithelium of the mucp}l:i
membrane of the gall bladder and ducts. The ghemit,a_.
nature of the substance seems to vary in different rtmi
mals; in some cases itisa glypo-prowld of the _gcm,rat
nature of the mucin of the salivary glands, but in mos
cases, according to Hammarsten, it is a form n_f nucleo-
ﬁroteid. According to Naunyn, the cholesterin of the
bile is also added through the epithelium of the bile pas-
sages, and does not constitute a portion of the blig aJs
secreted by the liver cells. According to the analyses
published, the bile of the gall bladder (bladder bile) con-
tains more solids than that of the hepatic ducts (he]?atm
bile). As this increase affects the constituents known to
be furnished by the liver cells, it may be supposed that
the bile undergoes a certain amount of concentration
while in the bladder in consequence of the absorption of
i a[f’g;-mgogues.—Nmnerous experiments have belen‘ made
upon the ‘effect of various drugs upon the secretion of
bile. These experiments have shown that substances
which cause a destruction of red corpuscles increase the
flow of bile. Direct injection of dissolved 'l‘uem.oglc:bm
into the circulation has the same effect. The increase
in the secretion in such eases is said to be transient. lhe_
substance that has the most marked and prolonged effect
upon the secretion of bile is bile itself. Bile fed to an
animal or injected into the circulation accelerates the se-
cretion of bile, and the same effect may be obtained p)
using solutions of the bile acids alone. _b{nrre_the_ S0-
called bile acidshave a distinet heemolytic action it might

of the urine are formed by filtration through thf} g%a’)i‘t{lf,l‘;
ulus, The two layers of epithelium through w :nc :l !1711
filtration occurs, the capi‘llary or vascular, and t ule rg, 301!
erular epithelium, act simply as a men‘lbm.mi tt';‘ ?"nm
which the constituents of the urine are filterec Od m.l_
the blood by the excess of pressure in the bh?o _lcamit
Jaries. 'The urine so formed is very dilute, dn(‘ :?(?cn-
passes along the convoluted tubules 1t b(ﬂ(:oig;‘(;?: .L,U i
trated by absorption. In both theories a di '1ut(1’nxu“m1-
function is supposed between the ‘”EPSI,HC and "-"-che
voluted tubule. It will l)e com-inieut to discuss
jons of these two parts separately.

fut}lwgi?l?(;:(;;m of the Gﬂumz?whm.—Thc al‘rémgemcfut r:? l'r'he.
glomerulus and the capsule presents a s_structl_ne 1.)6(,151‘11511’
to the kidney and suggestive of a special pL!l}_l(:?SG.l (1:;
glomerulus is a knot of capillary vessels \\.}_m..h do I'lr 0
form a plexus but rather a rete mirabile with a single

afferent and a smaller efferent vessel. For physmzﬂ ilT'(:t-E-
sons the blood in passing through the glomerulus sufiers
a diminution in veloeity, on account of the sudden in-
crease in the width of the stream bed, and yet 1‘1121}111-911118
a high hydrostatic pressure on account of the wsmﬁf;nf?
offered by the narrow efferent vessel and the Cﬂ,}_:l”a A
plexus with which it connects. Moreover, t]}f:rgl.am 1(13_
lymph spaces round the.glmncrulu& The epithe 1111.31_1 o
the blood capillaries is directly adherent t()t_he_elﬂm 16 1111%
of the capsule into which the g;lmpemlus is 111..?or1,en.t,1. :
that the cavity of the capillarieg is separated from i
of the uriniferous tubules by a double layer of endothe-
lial cells. The arrangement suggestsa filtering nu.zciﬁi}-
ism, and Ludwig’s theory supposes thaf 1t acts in | ”’Z
way for all of the constituents of the urine: Bow man l.}
theory supposes that only the water and»salts m-(_\.ﬂtmln}% ;
here, and Heidenhain, moreover, has given mzl»(]ms o
believing that the water is not formed by mechant i
processes, but by an active secretory process on t.hle pal i
of the glomerular epithelium, Tt attention is paid or}l fr_
to the water and salts it is evident that if Ludwig’s ¢ 1_(1
ory is correct the pressure tending to force them thl)'oug il
the epithelium may be expressed _hy the formula 1 = ]?‘
in which P represents the pressure in the glomerular capl

be supposed at first that their effect as cholagogues is
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of the tubule. According to this theory, the amount of
urine formed should vary directly with P and inversely
with p. It is obvious that the factor P may be increased
by raising arterial pressure in the renal arteries or by ob-
structing the flow in the renal veins, and, according to
theory, each change should cause an increased flow of
urine. Experiments of this kind have been made. It
has been found that raising arterial pressure in the kidney
arteries does increase the flow of urine, and vice versa,
However, it must be borne in mind that this relationship
holds only when the pressure in the glomerular capillaries
varies in the same direction as in the renal arteries, All
experimental variations which may be safely assumed to
raise the pressure in the glomerular capillaries are fol-
lowed by a greater flow of urine. The reverse experi-
ment, however, of raising P by blockin & the venous out-
flow fails entirely to support the theory.. When the
renal veins are compressed the capillary pressure in the
glomeruli must be increased, and if the veins are blocked
entirely, we may suppose that the capillary pressure is
raised to the level of that of the renal arterfes. In such
experiments, however, the flow of urine is diminished in-
stead of being increased, and indeed may be stopped alto-
gether when the veins are completely blocked. The ad-
Lerents of the Ludwig theory have attempted to explain
this unfavorable result by assuming that the swollen
interlobular veins press upon and block the uriniferous
tubules.

According to the antagonistic theory of Heidenhain,
blocking the veins suppresses the secretory activity of
the glomerular epithelium by depriving it of oxygen
and the chance for removal of CO,, and thus producin g
local asphyxia. The latter explanation seems the sim-
pler of the two, and it is very strongly supported by
the opposite experiment of clamping the renal artery.
When this is done the blood-low through the kidney
ceases and the secretion of urine also stops as would be
expected. But when after a few minutes’ closure the
artery is unclamped the secretion is not restored with the
return of the circulation. On the contrary, a long time
(as much as an hour or more) may elapse before the secre-
tion begins. This fact is quite in harmony with the
Heidenhain theory, since complete removal of their blood
supply might well result in a long-continued injury to
the delicate epithelial cells. On the mechanical theory,
however, we should expect the contrary. Injury to the
cells should he followed by greater permeability and an
increased filtration, as is found to be the case with the
production of lymph. These two experiments, blocking
the renal artery and the renal vein, seem at present to
discredit the filtration theory and to support the seere-
tion theory. If we accept this lafter theory it may be
asked how it agrees with the experiments mentioned
above upon the variations in capillary pressure brought
about ofherwise than by obstructing the venous outflow.,
Heidenhain has emphasized the fact that all of these ex-
periments involve not only a variation in capillary press-
ure, but also in the blood flow, and that it is open to us
to suppose that the effect upon the secretion of urine is
dependent upon the rate of flow rather than upon the
capillary pressure. If we adopt this explanation we are
led again to the secretion hypothesis, since mere rate of
flow should not influence filtration, but should affect
secretion, since it would alter the composition of the
blood flowing through the glomeruli and also the supply
of oxygenand carbon dioxide. Animportant fact, which
seems at first sight to show the influence of pressure, is
that when general arterial pressure falls below a certain
point, about 40 mm. of mercury, the secretion of urine
ceases altogether. Such a condition may be brought

about by surgical shock, by hemorrhage, or by section
of the spinal cord in the cervical or thoracic region, But
here again the great vascular dilatation causing this fall
of pressure is associated with a feeble circulation, and
the effect upon the kidney secretion may well be due to
this latter factor.

In addition to varying the factor P in the formula

Normally the pressure of the urine in the capsule must
be very low owing to the fact that the secretion drains
away as rapidly as it is formed. If the ureter is oc-
cluded, however, the pressure of the urine will increase,
and the filtration pressure P — p will diminish. When
this experiment is performed and the pressurein the ure-
ter is measured by a manometer, it is found to rise to 50
or 60 mm. of mercury and then to remain stationary. This
fact might be explained by supposing that when n—F
the secretion stops on account of the failure of the filtra-
tion pressure. Little weight, however, can be given to
this argument, since it is quite possible that under these
conditions the urine may still continue to form, but is re-
absorbed under the high tension reached. The experiment
simply serves to show the secretion pressure of the urine,
and the fact that this pressure rises as high as 50 to 60
mm. mercury, while the fact that the capillary pressure is
probably somewhat lower would rather serve as an argu-
ment against the filtration theory. Exact figures, how-
ever, regarding the capillary pressure in the kidney can-
not be obtained, so that the experiment on the whole
gives us no satisfactory information regarding the theory
of secretion. Dreser hasused a differentargumentto prove
that the production of the water involves the performance
of work on the part of the epithelial cells. He points
out that in some conditions, e.g., after drinking beer, the
urine may be very dilute, as shown by the fact that its
freezing point may be only 0.18° C. or 0.16° C. below
that of pure water, that is, A = —0.18° C. or —0.16° C.
Since blood serum has A = —0.56° (. the difference in
concentration between the blood and the urine in such
a case of extreme dilution shows an osmotic pressure in
favor of the blood equivalent to A = —0.4° C. Meas-
ured in mechanical units this would indicate an osmotic
pressure of 49.08 metres of water tending to drive the
water from the uriniferous tubulesinto the blood, where-
as the filtration pressure driving the water in the other
direction could not at a maximum exceed 2.72 metres
of water. Evidently if thisargument is just, the elimina-
tion of the water takes place against a strong opposing os-
motic pressure, and the energy necessary for its secretion
can be referred only to the activity of the epithelial cells.
Function of the Convoluted Tubules.—By convoluted
tubule is meant that portion of the uriniferous tubule
which extends from the capsule to the straight or col-
lecting tubes. Its epithelium varies, but is distinguished
in general from the flat, thin epithelium of the capsule
by a larger amount of granular protoplasm. According
to the Ludwig theory, this portion of the tubule func-
tions as an absorption membrane and serves thus to con-
centrate the dilute urine filtered through the glomerulus,
The fact that the urine is often more concentrated than
the blood proves that this absorption, if it occurs, is not
due to simple hydro-diffusion, and later adherents of
this theory have been obliged to abandon the simple
physical theory proposed by Tudwig and to suppose
that the absorption effected by these cells is a physio-
logical process dependent upon their living structure
and properties. The Bowman-Heidenhain theory, on the
contrary, assumes that these cells are secretory in func-
tion and serve for the excretion of the urea, uric acid,
cte. With regard to the absorption theory it may be
sald that positive evidence is lacking, and it is difficult
to present briefly the facts that are quoted from time to
time in its favor. On the other band, there is much
probable evidence that the secretory hypothesis is nearer
to the truth. This evidence may he summarized briefly
as follows: 1. It is stated that if the ureters are ligated
in birds the urates will- be found deposited in the urinif-
erous tubules, but never at the capsular end. 2. Hei-
denhain has given proof that the convoluted tubules are
capable of excreting indigo-carmine after this substance
is injected into the blood. His experiment consisted es-
sentially in injecting the material into the blood after di-
viding the cord so as to reduce the rapidity of secretion.
After a certain interval the kidney was removed and
irrigated with alcohol to precipitate the indigo-carmine

given above, it is possible also to increase the factor p.

¢n sttw in the organ. Microscopic examination showed

99




Secretion.
Secretion.

REFERENCE

e
that after this treatment the gra,n_ules;l Olf c:ch{)eu érlll(})lflc;]
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{J{Iitncﬂgto} the 1‘cnalbartcry, while the rest O.f Ttl(llut;;llrltttlg
the renal artery 18 ligate ! e T ot
stely of blood, and that as a result t gg Aoy of
%?izgléggszs 1f under these conditions ureA 151;;};(;1;;‘.{1
into the circulation it is excreted 1:3:)5_§etrhcjlE 1»\}\1‘ t.ubule‘;
water, thus proving the secretory activity g_ Amlami e
with regard to urea. Later experiments 2] r(wise éru-
by Beddard have thrown doubt upon this 0‘.‘1ct_ e e
cial experiment. Adamiclaims that hgatm(,o]. 1:;1' i
arteries does not shut off completely the.glomlc?z T
culation, while Beddard, although he cor_roi:mf ati,s‘ B,
baum in the point that complete occ}uslonfo the e
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that under these conditions injection of urea mt(_) e ? :
culation is not followed by a secretion. o. 1)16:?59_1 m?_
shown that the acidity of the urine is due _to.a_l‘x ac,t.!on Ol
the epithelium of the tubules. If an acid indicator, .SI.J.C ;
as acid fuchsin, is injected into the dorsal 1)'1:1;?.11 sgr,o1
a frog, and an hour or so later the kidneys are c)\a.m;nf;(i
it will be found that the convoluted tubules are co Ee(t
red, while the capsular end is colorless, indicating Tll?
the secretion at that point has an alkaline reaction. Che
experiment shows that the acid phosphate of the urine
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is produced in the convoluted tubules. Tl1e s_uf}%a%csg
explanation is that it is formed by a secretory act}fl) }1 )0
the epithelial cells, although one may adopt t 1(,]3' ess
probable view that the cells produce the acid phosp _d.trl)s
by a selective absorption of alkalinesalts. On the “119 e
if must be admitted that the weight of evidence is in favor
of the Bowman-Heidenhain theory of secretion, and it
remains for future investigations to explain more dcf‘i-v
nitely what is meant by the obscure term, secretory
activity. 2y ; b

Under pathological conditions it has been shown satis-
factorily that albumin and sugar which may be present
in the urine are secreted or eliminated at the glomerular

e tubule. :

Gng?gifugr]we of the Nervous System on the Secretion of
Urine.—Although Berkley states that terminal fibrils of
the nerves distributed to the kidney may be traced to the
epithelial cells of the convoluted tubules, the pl}ys:010g1;
cal evidence at present is opposed to t_lm existence of
secretory nerve fibres. The kidney receives a rich ner-
vous supply by way of the sympathetic, but experiments
indicate ihat these fibres are vaso-motor in function.
Both vaso-constrictor and vaso-dilator fibres have been
desecribed, and inasmuch as the secretion of urine varies
directly with the rapidity and volume of the blood flow,
it follows that these vaso-motor fibres must exercise nor-
mally an important regulatory influznce upon the amount
of secretion., :

Aetion of Diuretics.—An important side of the theo-
ries of secretion of urine is their application to the ac-
tion of diuretics. Water, various soluble substances,
such as salts, urea, and dextrose, and certain spcqwl
drugs, such as caflein or digitalis, exert a diuretic action
on the kidneys. Muchexperimental work has been done
to ascertain whether the action of these substances can
be explained mechanically by their influence on the blood
flow or the blood pressure in the kidney capillaries, or
whether it is necessary to fall back upon a specific stim-
ulating effect exerted by them upon the eplthe_lml cells
of the tubules. Adherentsof the original Ludwig theory
are forced to explain their action by the effect they pro-
duce upon the pressure in the kidney capillaries, and

i smotic pressure they exert. It ln}s hrz_en
gll;)gth.c%h,etﬁz?:f)ore,Ltlmt the action of ‘t.hesel (llll.l:e.tlcs
lies in the fact that they attract \V&tell'.flulllfl.lle' ;lf’bu?s
into the blood and thus cause a_cou_chtlor_l cl)” n( ‘ri\e‘ml(f;
plethora. Bub whether the elimination _O'T t s .(',l'u bsbov
water is due to filtration or to an E'I._CI:IE\‘C IS(;U!_L'LIO[{ by
the glomerular epithelium s_nnply I‘B\"l\(..“_;\li- 1.:1( 1?(%1}§sr1ou
that has been presented brietly I«lbu\?‘.. Mos ) o .;s,:( li‘e]r":
find that the vascular changvs in _Lhe lmlnrf__\ B ]ll(]l..lllt}l arly
after the administration of caffein and (h_g].;‘d x_s,‘l.r_.o 1103
explain satisfactorily the phenomenon of diuresis, and
although it is necessary to admit that Tl_m_ dmfer}c%, or
some of them, act in part by 1:-}|e changes w lncl_\ t, 1_;:3- (1:::1!115{3
in the circulation in the kidney, those wlu’) adap lt 16
Bowman-Heidenhain thur_n‘y assume 11&_311&111_\ fhac these
substances exert also a direct stimulating action on the
soretorv cells. _
%(gl(:E?{?T%N OF THE SEBACEOUS Granps.—Practically

| nothing is known of the mechanism of secretion of these

glands beyond the results furnished by.l-nlstﬂl(.)glg_'ﬂl‘ e:.d
amination, It is believed that the secretion 3: : (311n':t
not by a liquid discharge from the cells, F:ut by tl 1i,lca:3 -
ing off of the cells themselves. The cells npoult e ,m{’-e'
ment membrane multiply, and the daughtm‘ Cd-sl n'u,la 13;
placed toward the lumen of the gland. Gl‘a(]llld l:\ L}Ef(L
latter cells disintegrate, and their débris forms the thick,
ily secretion. :
m%}zi}el(:';:t'rlox or THE SwgAT GrawDs.—T hg secr(‘:tmn
of sweat is important, partly because 1t helps to lf,gu—
late the water contents of the body, but mainly ln?muse
it ig an effective means of controlling the body tem-
perature. In accordance with these regulative fuuct;mns
we find that the formation of sweat 18 governed .b)_the
central nervous system, by means of whicha rcﬂ‘r’_xl ada([l)-
tation of the process to the needs of the body is made
possible. Definite experimental proof of the ex.lbtel}cg
of sweat nerves was obtained first by Goliz. He showec
that electrical stimulation of the peripheral end of l.llle’d}-
vided sciatic in dogs or cats causes the formation of “Sﬂ
ble drops of sweat on the balls of the feet. T‘lns_ I:esud
has since been confirmed for other parts of the body, auh
it has been shown that the sweat nerve fibres take muc
the same course anatomically as the vaso-motor ﬁvlzres‘
They take origin in the cord or the medulla, pass oy er to
the sympathetic ganglia where they end 1'0“}‘_(1 the sy m{i
pathetic nerve cells. Thence their course is cm.l‘n(zimctﬁ‘
by a sympathetic neurone, so that they reach t]l(li}l es‘ sle
nation probably as non-medullated fibres. Their coufl.
for different regions of the body is known wnh' a.l air
degree of exactness. All the evidence that ?w 1:13’&
indicates that the sweat glands, like the salivary glan s,f
do not secrete normally except under the influence 0‘
these secretory fibres. Ordinary profuse swealing fim.
to a high external temperature must be explained as a?-
reflex act. The high temperature stimulates Sensory
nerves in the skin, and the impulses thus generated are
transmitted to the cord and returned to the sweat glands
by the efferent sweat fibres. Attempts have been m?,dt:
to ascertain whether the general activity of these swea
fibres ig controlled like that of the vaso-constrictors by a
medullary nerve centre. The work done is not conclu-
sive, but it seems to indicate that the reflex centres for
the system are found in different rg'gionsl of the Drain 2}511-,
cord. In all probability the nuclei of origin of the swea
fibres for each skin area constitute the sweat centre f(.}dr
that region. These nuclei or eentres may be stnuula&h
reflexly by incoming impulses from the skin or from tbe'
higher nerve centres, or they may be zu:te_cl upo_n b)
changes in the composition of the blood as is sho_\\-n E
the effect of dyspncea and certain drugs. Atropin an
pilocarpin exert their well-known antagonistic 111{1319‘11,(3«’:1G
in the sweat secretion, the latter causing a flow of swea
and the former inhibiting it. As in the case of uthe!:
elands, the action of these drugs is supposnd to be ]?el't
ipheral, pilocarpin stimulating the endings of _t.he w. e?»u
fibres, and atropin paralyzing them. Nicotin also 1

indeed it has been shown with reference to the saline
diureticg that their effect upon the secretion is in propor-
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proper doses suspends the secretion of sweaf, em_d lfbﬁ
probable that this alkaloid acts upon the connection
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tween the spinal or pre-ganglionic neurone and the Sym-
pathetic or post-ganglionic neurone.
BECRETION OF THE MAMMARY GrLANDS,.—The develop-
ment of these glands in connection with the processes
of gestation and their functional activity for a variable
period after the act of parturition, are the points of great-
est physiological interest. It seems evident that the
causal connection between the changes in the uterus and
in the mammary gland must be established either through
the central nervous system or through the blood. During
the development of the foetus sensory stimuli may be de-
veloped in the reproductive organs of the mother which
act reflexly upon the mammary gland and stimulate its
growth and secretion: or, on the other hand, the changes
in the reproductive organs may result in the formation
of an internal secretion, which being discharged into the
blood, acts upon the tissue of the gland either directly or
through the nervous system. The crucial experiment of
destroying the nerve supply of the gland in a pregnant
animal has given somewhat unsatisfactory results, but
it seems to show that the development and functional
activity of the gland proceed as under normal conditions,
although the quantity of milk produced is less. As far
as it goes this evidence indicates that the bond of con-
nection is furnished by the blood rather than by the
nervous system, and we may adopt provisionally the
hypothesis of an internal secretion. Assuming that this
hypothesis is correct, it still remains possible, of course;
that the activity of the gland in lactation may be regu-
lated by extrinsic nerves. Many facts speak for this
possibility. It is known, for instance, that in women
during lactation the flow of milk is influenced by emo-
tional conditions, and, on the other hand, histologists
have described nerve terminations round the gland cells
which look like secretory nerve fibres. The physiologi-
cal evidence for secretory fibres is, however, quite
meagre. Mironow in experiments upon goats has stated
that stimulation of sensory nerves causes a diminution in
the secretion, but that when the nervous connections of
the gland are destroyed this reflex cannot be obtained.
Rohrig finds that section of the inferior branch of the
external spermatic increases the secretion, while stimula-
tion of the same nerve causes a diminished secretion.
These experiments might be regarded as proving the
existence of inhibitory fibres to the gland, but it is
equally, or indeed more probable, that the fibres in ques-
tion are vaso-constrictors. The known influence of the
central nervous system on the secretion of milk may
therefore consist only in the control of the circulation in
the gland by means of vaso-motor fibres as in the case
of the secretion of urine.

INTERNAL SECRETIONS.

The term internal secretion seems to have been em-
ployed first by Claude Bernard, but the essential idea
conveyed by it, namely, a secretion discharged into the
blood or lymph, had long been entertained in connection
with the so-called ductless glands, such as the thyroid.
About 1889 the term and the idea implied by it were
emphasized by Brown-Séquard in connection with work
upon testicular extracts. Thisauthorsuggested that not
only the glands but all tissues may have internal secre-
tions of greater or less importance in the general nutri-
tion of the body. This extension of the original concep-
tion was not justified by subsequent experiments and
to-day we must limit the use of the term to the distinctly
glandular bodies. Experience has shown, however, that
not only the ductless glands hut some at least of the
typical glands with well-defined ducts may produce in-
ternal secretions. There is no @ priori way of deter-
mining whether or not a glandular structure produces an
internal secretion. The matter must be decided by ex-
periment and observation.

- Internal Secretion af the Thyroid Tissues.—Under the
term thyroid tissue we may include the thyroid bodies,
the accessory thyroids which have a similar, indeed iden-

peculiar, but whose function seems to be closely related
to that of the thyroids. The history of the discovery of
the functions of the thyroids, so far as we know them, is
most interesting and illustrates admirably how experi-
mental physiology may co-operate with experimental
and clinical work in medicine and surgery. The early
work indicated that removal of the thyroids is followed
quickly by marked symptoms of disturbed metabolism,
cachexia, muscular tremors and spasms which soon end
in death. TLater work has shown that a rapidly fatal re-
sultisobtained only when the operation removesall of the
thyroid tissues, and that the characteristic symptoms
and their duration before a fatal termination depend
somewhat upon the species of animal used and its age.
In human beings it is known that atrophy or loss of
function in the thyroids leads to cretinism and myx-
edema, and that these distressing conditions may be
removed completely by feeding fhyraid tissue to the
patient. In the lower animals the precise results of
removal of the thyroids proper and of the parathyroids
are not yet clearly known. Upon many animals, dogs,
cats, rabbits, rats, operations that remove both the thy-
roids and the parathyroids result in the rapid death of the
animal with the symptoms of cachexia and muscular
convulsions mentioned above. In the higher mammals
(the monkeys, for instance), the symptoms are said to de-
velop more slowly and to resemble more nearly the myx-
cedema of man. One observer claims thatin thoge animals,
such as dogs, in which the fatal result of thyroidectomy
is most prompt, a distinction may be made between re-
moval of the thyroids and removal of the parathyroids.
Removal of the former causes a slowly developing mal-
nutrition, a progressive eachexia whose fatal termination
may be long deferred. Removal of the parathyroids, on
the contrary, occasions more acute symptoms including
muscular eonvulsions and a rapidly fatal result. This
distinction needs, however, further confirmation before it
can be accepted. It is stated also that the fatal outcome
of complete thyroidectomy may be deferred or obviated
completely by grafting a portion of the gland under the
skin. 'These results upon man and the lower animals are
usually explained upon the assumption that the thyroid
tissues furnish an internal secretion which plays an im-
portant and indeed essential part in the metabolism of the
body, particularly perhapsof the nervoussystem. There
is histological evidence to show that the colloid material
contained in the vesicles of the glands is emptied into the
lymphatics and thence reaches the blood. On the other
hand, it has been proved that the beneficial material in
extracts of the glands is obtained from thissame colloidal
material. 'We may therefore regard this substance as a
secretion which is  discharged into the blood by way of
the lymphatics. Bauman has succeeded in obtaining
from the gland a peculiar organic compound containing
iodine to the amountof nine per cent. of the dry weight.
He designated this substance as iodothyrin and showed
that in the gland it exists in combination with proteid.
Inasmuch as the iodothyrin, when used upon animals or
patients, has much the same beneficial effect as the crude
thyroid extract, we must believe that it represents one
at least of the essential constituents of the internal secre-
tion. How it or other substances affect normally the
metabolism of the body is not yet explained. We know
only that complete loss of this substance is followed by
a perverted metabolism and finally by death, There is
much evidence to show that feeding thyroid extracts to
normal individuals leads to an increase in physiological
oxidations, hence its usc in cases of obesity. = This fact
is a further indication of the influence of its secretion on
normal metabolism, but the means by which it influences
the nutrition of the cells cannot be determined without
further work.
The Adrenal Bodies.—Brown-Séquard was the first to
show that removal of these bodies in dogs is followed by
the death of the animal within a day or two. Subse-
quent observers have confirmed this fundamental fact,

tical structure, and the parathyroids whose structure is

and have shown that the symptoms preceding death are
great muscular weakness, a loss of vascular tone, and a
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